with which they moved around the cell cycle. However, as the serum concentration increased,' the fraction of the stationary phase population released from G 0 increased. cell cycle traverse.
Cell density modulated the ability of serum to stimulate For example, at a cell density of 1.81 x 10 4 cells/cm 2 , 78% of the population was sensitive to serum stimulation; whereas, when the density was increased to 7.25 x 10 4 cells/cm 2 , only 27% of the population could be stimulated. This effect of cell density on the serum response is not simply the result of changing the ratio of serum concentration to cell density, but appears to reflect a true modulatiJn of the population's sensitivity to serum stimulation. These results are consistent with the interpretation that the primary action of serum is to determine the probability of'the transition of cells from a no·n-cycling G 0 state :to a cycling state and that cell density determines the proportion of the population capable of undergoing th~s transition.
INTRODUCTION
The growth of human diploid fibroblasts in culture is characterized by a logarithmic growth phase followed by a stationary phase in which the cell number per culture remains constant~ The mechanism(s) which establish this stationary phase are not known; however, it has been demonstrated that m9st of the cells in ·a stationary phase population have a DNA content equivalent to cells in the G 1 phase of the cell cycle (Wiebel and Baserga, '69; '73) . So far an adequate description of how stationary phase cells are distributed throughout G 1 has not been possible because of a lack of suitable markers for the various parts of G 1 . Prescott (1998) has proposed that as a culture enters stationary phase, G 1 expands such that even though cells are still· traversing the cell cycle they spend the majority of their cycle time in G 1 . Smith and Martin (1973) , ·an the other hand, have divided G 1 into two states, a "B-phase" in which the cells are progressing towards the initiation of DNA synthesis, and an "A-state" in which the cells can reside .. ,.
of G 1 and into S occurred before 18 hr, regardless of thee-serum concentration used. In addition, the exact time after stimulation that cells began entering S depended to some extent on the prior history of the stationary phase population. As reported by Augen1icht and Baserga (1974) , the longer a culture was maintained in the stationary phase, the longer the lag time between stimulation and the initiation of DNA synthesis.
The DNA histograms were analyzed as described in MATERIALS AND t~ETHODS .to determine the fraction of the population in the various cell cycle phases.
As seen in Figure 2 ,' cells began to synthesize DNi-\ beb1een 20 and 22 hr at all concentrations of serum tested. The time necessary for 50~& of the stimulated population (T 112 ) to move from one cell cycle ph~se to the next was computed from this data and gives a measure of how the stimulated population moves through the cell cycle. These values are reported in Table 1 . Reliable values for T 112 were obtained for all serum concentrations -except for 1%.
With this concentration of serum, the proportion of the population stimulated was so small that reliable estimates for the T 112 of the S to G 2 +M transit could not be obtained. The values obtained for the other serum concentrations indicate that the concentration of serum used to stimUlate the cultures had no effect on the time it took the stimulated population to move from G 1 to S, 0 0 or from S to G 2 +M. by subtracting .Ti; 2 0 ··l _,~-· u ~ "~ J ,¥~-·"-7 '"J :. u u -7-· ' These values were also used to calculate the length of S G2 from T 112 (see Table 1 ). Serum concentration had 1 ittl e effect on the length of S and the average value of 6.7 ! 0.2 hr reported in To measure the effect of serum on the synchrony of the stimulated population, the width qf the peaks in Figure 2 wer~ calculated at T 112 . These~values represent the spread of a stimulated population in a parti~ular cell cycle phase. When the peak widths are compared from populations stimulated with different concentrations of serum (Table 1) , it is evident that serum does not affect the synchrony of the stimulated population. The average peak width of the population in G 2 +M was not significantly different from that of the population in S, suggesting that there is no significant loss of synchrony as the populations move through S and into G 2 +M.
Factors Influencing the Proportion of G 1 Cells Stimulated. By comparing the areas under the various curves in Figure 2 , it was observed that as the serum concentration decreased, so did the,proportion of the population sti~ulated.
To examine this effect more thoroughly, stationary phase WI-3~ cells were seeded at 1.81 x 10 4 cells/cm 2 in medium containing different concentrations of serum, and the proportion of the population stimulated to traverse the cell cyclewas determined. The stimulated cells were trapped in mitosis by addition of colchicine (0.2 ~g/ml), and after 36 hr the fraction of the population that had moved from G 1 to G 2 +M was measured by FMF. Under these conditions, the fraction of the population stimulated increased as a function of serum concentraction, reaching a maximum of 78% of the population stimulated with serum concentrations of 8% and above (Figure 3) . When the stimulation experiment was • repeated at ·a 4-fold higher cell density (7.25 x 10 4 cell.s/~m 2 ), the proportion -8of the population in G 2 +M after 36 hr reached a maximum of only 27% of the population stimulated at serum concentrations of 16%.or greater. Above 20% s~rum, an apparent toxic effect was seen at both cell densities, resulting in a decrease in the amount of stimulation (data not presented).
DISCUSSION
The events leading to the onset of statio.nary phase in cultures of WI-38 human diploid fibroblasts are not well understood .. Ryan et ~· (1975) have shown that the cell density at which this transition occurs can be regulated, within limits, by the concentration of serum in the growth' medium. Presumably, the action of serum is to supp·ly some growth promoting activity (Holley and Kiernan, '71; Temin, '68; Houck and Cheng, '73) .
Although it has been demonstrated that the majority of stationary phase cells are in G 1 (Wiebel and Baserga, '69; '73; Todaro et ~., '65; Griffiths, '72; Temin, ·'71) , little is known about how the population is distributed in G 1 . For example, it is not known whether the population is blocked at one point in G 1 (G 0 ) br spread uniformly throughout the phase. The model proposed by Smith and Martin (1973) suggests that cells can exist in two states, a "B-phase" in which the cell is committed to growth and cell dividion and an "A-state" corresponding to G 0 which is indeterminate. Factors that would affect the growth of a population would primarily affect the ratio of cells in the two states. According to this model a population in the stationary phase contains mostly cells that are in the ''A-state" and stimulation would simply involve increasing the probability of transition from the "A-state" to the "B-phase". Smith and Martin (1974) argue that the concentration of Serum in the medium used to stimulate 0 0 -9stationary phase cells determines the number of cells making' the transition from the 11 A-state 11 to the 11 B-phase 11 per unit time. We observed that the concentration of serum had no effect on the time it took the stimulated population to reach or G 2 +M, nor on the synchrony of the released population. Thus, within the limits of the concentrations tested, the effect of serum on the growth of WI-38 ce1ls in culture cannot be expl~in~d on the b~sis bf an effect on the rate of transition of cells from a non-cycling to a cycling state;
The level of serum in· the medium does affect the pr.oportion of the population of WI-38 cells that can be. released from G 1 . This sensitivity to serum sti~ulation is ~ddulated by the cell density at which the cultures are stimulated. ' ' ' ' ' 4 2 For example, as seen in Figure 3 , at a density of 1~81 x 10 cells/em , the maximum percentage of the population stimulatedwas 78%whereas, at a density of 7.25 x 10 4 cells/cm 2 , the maximum percentage decreased such that only 27% of the population was stimulated.
The tell density had no effeCt on the time required for the stimulated population to enterS or G 2 +M (unpublished.data). However, because of the small proportion of the population stimulated by serum at high cell densities, it was not possible t6 accurately measure the effect of serum concentratio~ on the synchrony of thosepopulations. The decreased stimulation of cell cycle transit seen at high density is not due simply to a decrease in the ratio of serum concentration to cell density. If the proportions of the population stimulated are compared at equivalent ratios of serum concentration to cell density, the popul~tions at lower density are stimulated to a higher extent. For example, as seen in Figure 2 when a population at 1.81 x 10 4 cells/cm 2 was stimulated with medium containing 1% serum, 21 .. 4% of the population moved from G 1 to G 2 +M whereas, at an equivalent serum to cell density ratio but a four-fold higher cell density (7.25 x10 4 cells/cm 2 ) and serum concentration, only 8.7% of the From 30,000 to 100,000 cells were analyzed for each sample. This report was prepared as an account of work sponsored by the United States Government. Neither the United States nor the United States Energy Research and Development Administration, nor any of their employees, nor any of their contractors, subcontractors, or their employees, makes any warranty, express or implied, or assumes any legal liabili~y or responsibility for the accuracy,. completeness or usefulness of any information, 'apparatus, product or· process disclosed, or represents that its use would not infringe privately owned rights .
